Introduction
Pig breeding in Bulgaria, as part of livestock breeding, has its own deep traditions, despite the dynamics in its development through the years. The instable economic environment in the period 1990-2010 led to a decrease in the number of pigs, which inevitably led to a drop in the industry. As a result of this negative statistic, the production of pork is below the level it was in its beginning in the previous century (Dermendzhieva et al.,2013) . According to Ivanova et al. (2011) after the slight stabilization of the livestock breeding industry in 1997-2000, the production has decreased, as a decrease of nearly 2% of the gross added value in it Ivelina Zapryanova 26 has been reported. What is worrying is that the biggest decrease in the gross production is reported exactly in pig breeding.
For more than 20 years the economic environment in the country has been too dynamic and insecure, which has put domestic pig breeding in difficult situations. After our country joined the European Union, the qualification of pig carcases under the (S)EUROP system became obligatory for Bulgarian pig breeding, too. According to (Otouzbirov and Zhelyazkov, 2008) this will lead to improvement of the selection process, increase of the productive and slaughterhouse qualities of the pigs, but in parallel with this, the consumers shall pay a higher price at the purchase of pork.
The analysis of the state of pig breeding by regions and in different stages of development, allows the making of an evaluation of the effectiveness of the industry, especially when keeping in mind its dynamic state through the years.
All this gave us a reason to make an evaluation of some effectiveness elements of the pig breeding industry in Bulgaria by means of cluster analysis.
Material and Methods
The analyzed material consisted of data from the bulletin of the Agrostatistics Department of Ministry of Agriculture and Food (MAF) about the farm animals in Bulgaria, the activity of slaughterhouses for red meat and meat production in the country, Annual Report on the Status and Development of Agriculture in the period from 2001 to 2017, as well as National Strategy for stable development in Agriculture in Bulgaria in -2020 (MAF, 2013 .
The following indicators were analysed: 1. Number of slaughterhouses; 2. Total amount of slaughterhouse meat (t), 2.1. Including meat from pigs (t); 3. Sold pigs (transmitted to slaughterhouses, slaughtered in farms and sold to intermediaries) (in thousands); 4. Number of farms, where sows are bred, 4.1. Number of bred sows; 5. Number of farms, where total pigs bred, 5.1. Number of total pigs bred.
In order to form groups based on the specified indicators, we used the KMeans Cluster method. The Euclidean distance between the groups was used as a measurement of similarity.
The studied period was divided in 3 subperiods (2001-2006, 2007-2011 and 2012-2016) , each one with three similar groups. Figures, which represent the grouping of the studied indicators in clusters graphically, were built.
The statistic processing was performed with IBM software product SPSS version 24.
Results and Discussion
After Bulgaria joined the European Union, the geographical zoning of the country is performed in accordance with Regulation (ЕО) No. 176/2008. According to this document, our country is divided in 6 regions -North-Western, North-Central, North-Eastern, South-Eastern, South-Western, and South-Central one (Fig.1) . When forming the clusters for the first studied period, the indicators with the biggest significance are the ones for the amount of the obtained meat, sold pigs in slaughterhouses and farms, as well as their number in different categories. (Table 1 ). The total number of slaughterhouses does not have an effect on grouping. (Fig 2a) . This is the group with the lowest number of bred and sold pigs. The North-Eastern and the North-Central regions form the second cluster (Fig 2b) . These are regions, rich in cereal crops, and, where regularly the highest number of pigs from different categories, is bred and sold. The central point of the second cluster includes 32.38 slaughterhouses, with 10.23 thousand tonnes of pork, nearly 269 thousand animals sold in slaughterhouses and farms (Table 2) . For the period 2001-2006, the third formed cluster takes a middle ground in all studied indicators, with the exception of the amount of carcass, which is the lowest, compared to the two other similar groups. The South-Eastern and South-Central regions fall into this cluster, the South-Western, with its indicators from 2003, and North-Eastern in 2001 (Fig. 2c) . The proximity between the separate homogeneous groups, reported through the Euclidean distance, shows that the first and third cluster are more similar in the studied indicators (112.162), compared to the second and the third (150.608). During the first analysed period, the first and second cluster share the lowest number of common characteristics (Table 3) .
The state of pig breeding in the economic year of 2007 is defined, to a certain extent, by the unfavourable weather conditions and subsequent low grain yields, and the high prices of concentrated fodders. That was the first year of Bulgarian membership in the European Union. The total number of pigs decreased by 12.3% compared to 2006 and by 8.8% compared to 2005. The same trend to a decrease is observed with the sows as well as in the number of pig-breeding farms (Zapryanova, 2015) . Zapryanova, 2018) .
In the first cluster for the period 2007-2011, the North-Western, SouthWestern and South-Central regions have a priority (Fig. 3a) . The lowest number of sold animals (60.4 thousand animals) is characteristic of the group, as well as the number of the animals from all categories, which are bred in these regions (Tabl.2). The number of the slaughterhouses is also the lowest, but unlike the previous period, this indicator has significant effect on formation of the cluster (Tabl.1). Regardless of the serious decrease of the values of the indicators, the North-Eastern and North-Central region, forming the third cluster, remain with the higher effectiveness in pig breeding (Tabl. 2, Fig. 3c ). The second homogeneous group, including mainly the North-Western and South-Eastern region has the characteristics of 12.67 number of slaughterhouses, 4.88 thousand tonnes of pork (which is the lowest for the studied period), the number of the bred sows and the total number of pigs take a middle position, respectively with 10.53 and 132.1 thousand animals (Tabl. 2, Fig. 3b) .
The most distant in their homogeneity are the first and third cluster (the Euclidean distance is 273.460), and most similar are first and second cluster (the Euclidean distance is 110.483) (Tabl. 3).
Within the last studied period, we have the possibility to add two more indicators -number of farms, where sows are bred, as well as animals from the other categories. These two indicators have reliable effect on the formation of the clusters (Tabl.1). In this time span, however, the number of slaughterhouses as well as the total number of pigs, appears an unreliable source at the formation of homogeneous groups.
Reviewing the three formed clusters (Fig 4a, b, c ) the one that makes the most impression in the second one, which is formed from three regions -the North-Western, South-Western and South-Central one -in 2013. Main features of this cluster are the lowest number of sold animals (39 thousand animals), the lowest total number of pigs, but with the highest number of farms, where these animals are bred (Tabl. 2).
The difference between the first and third cluster is the higher number of observations in all regions and years, which form the first group. At the same time, here is the highest number of slaughterhouses (12.21), sold pigs (206.05 thousand animals), lowest number of farms, where the highest number of pigs of different categories are bred.
In our previous research we concluded that consolidation of the sector was reported after the end of 2013, when the number of pigs on farms with more than 200 animals increased by 5.3 thousand, although the number of farms dropped down. In the last five years the largest share of the pigs has been concentrated in three regions of the country -North Central, South-Eastern and North-Eastern (Zapryanova, 2015) .
